
-- T -N TO L _-T l Iw -T1ANA Ilk T A NS-

PORTATION FO1 MILITA1RY AND CIVILIAN
A PP AL÷ICA TION

(: Richard M. St~oplor

Deofens Systooms Malingtioient School
Fort Belvoir, VirgIntia

ii Novombor 1973

,i

DISTRIBUTED BY:

Natnd T11hnl11 latoriatld Solma
-•'~ U. S DEPARTMENT OF COMMERCE

5285 Pod Royal Ntoa, spOffeld Va. 22151

- ' . ..... 7 -1
- . , i . . .' ; ! - -,-

-•~~ -- "•K ] , ...... '... .. ...-. , ,. •...• "'. . • '; ,• ' • . . ,



DISC týA II mR 0 TIC I

\ ,c'-

THIS IOCUMENT IS BEST

QUALITY AVAILABLE. TRE COPY

FURNISHED TO DTIC CONTAINED

A SIGNIFICANT NUMBER OF

FAGES WHICH DO NOT

P RODUCEl;- LEGIBLY.

REPRODUCED FROM
BEST AVAILABLE COPY



1t.

V

E-

U I

I I.)A • •

RETURN TO LIGHTJIM-THAN-A!R
'TANSPORnTATION FOR MILITARY AND

"CIVILIAN APPLICATION
ITUDY REPORT

PMC 73-2

,Rchaid M. Stopler
OS-12 USN

4 f p

. , ~Approved for public releaE'&; distribution unl:im.ited

• , I



-KA -- -CTON

REPORT1 DOCUMENTATION PAGE

C 1, 4 11tol#4 of "11040"T A 041111100 COV10141

RE TUR~N TO LI WITER- 1'IAN-A I TR ANSPORTAT ION ST'UDENT STUDY RFPOR1'
FO MLTAYAN IVILIA APPLICA'ATION- I ZPC3-2)

Richard M. Stoplor

Defense Systeins Management School 91
Ft, Bolvol r, Virginia 22U60O) UUNO AR

49.

"Approved for public release; distribution unlimited"

ll. 01RI4OUIO0 4YAY4MNTH faith* blee Htentt*41 8#094 1e, Oeits1@Nel b"ea 4.pO.

rr. UehP7GCMrA t 0 T9

It, ~ ~ ~ ~ ~ ~ ~ rb'l~ Ml OR toum$dobMgJad d"X y W

AIRSHIP DIR161BLE TRANSPORTATION
AKRON HINOENBURG EPEI
BLIMP MACON ZPEI

The United States aerospace commnunity has entered an era characterized
by declining activity, due largely to the increasing complexity and cost
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air vehicles that will carry inhcreaSingly larger payloads at reduced cost
and levels of pollution, and that will not require vast expanses of land
from which to operate.
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' )clean'~ t~rernport~tiorn system which offer s exceptional payload capability,
- . erndurance, rangeO and flight stability, may be given renewed considoration,
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JnXECUTIVE, MYMMARY

The history of humnan flipht bgappn with Mont-ol1fcer in 1763"., l:)r'

many years, the realm of discretionary flight was limited to"ýortical

ascents and dus~cents wvith only the prevailing winds to pr.ovido lateral

.movement. Not until the discovery of petroleum~ and invention of the

interrial combustion engine did !ighter -than- air vehicles become

directable (from the French Dirigible).

Early military applications 'Saw the Uziited States and others use

pblimps in anti-submarine warfare.. Two-hundred blimps (15 squadrons)

compiled an enviable record in World War Il by escorting over 89, 000

~0 Chips (over 550, 0010 flight 'hours) in convoy without a single loss to

h enemy submarines and in so doing set a record operational availability

of 87%6.

Goodyear operated commercial blimps between 1911 and 1958 and

carried over 483, 000 passengers on about 179, 000 flights without a

single injury or fatality.

Rigid airship design was principally initiated and- exploited by

Couht.IP. Von, Zeppelin who by 1918 had built .a 2, 400p 000 cubic. foot

&irshij: capabie'of speeds in excess of 80 inilet per hour, 50 ton

(100, 000 pounds) useful lift'with thi4 capalilit'y of e ruising at 20, 000

faci.t. Zeppelin built tho "Los Angeles." which was Bodto the United
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z0 R. 0 i
w.4"



States in 192.4I. Grof Zeppelin I saw nine years~' service iý cornmeiý,cia1

OvarLUý_ \4'hout a single fatality. -The Hlindenburg, Shena~ndoah..

Akron and Macon were all lost in wways that could in no way rclf_.ct

on thý-dasign or safety of airship operation.

What's necv in airship design? Nothing I No des'ign work has been

atc~omplished since 1937. The original design airship is a Ford Tri-

Motor by comparison to. the advanced technology airship, the SST of

*the airship set.

There are four major distinctions among types of airships:

1.. 'Non-Rigid or Blimp -. spo named after the English

& B~-type limp (as opposed to rigid) airship. B-l-imp became

.blirnp. It is a gas tight ba~g th-at maintains its shape due to

the pressure of the gas.

2. Semi-Rigid - - the same as the blimp with a keel to

support the airship in vertical sheer.

*.Rigid -- this design was originated by Zeppelin and

has a rigid frame, is fabric-covered and contains numerous

ga.s cells.

* 4. Metal-clad -- a hybrid, both a pr'es sure and a rigid

framed vehicle. Gas tight aluminum alloy ship and a light

I. . *~~~structural frame. A. 4~
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Safety considerations restrict the use of hydrogen as the lifting

gas. Helium is used in this study even though one can gain 40% in

gross lifting capahl)Z ty. by using hydrogen.

Airships are all displacement vehicles, i.e., th4y.displace their

weight in air. Blimps do rely on sobme dynamic lift (1-2%) in flight.

- Both temperature and density altitude effect the lifting capability of the

airship. For example, air at 5,000 feet is only 86% as dense as it is

at sea level and only .74% as dense at 10, 000 feet. A 1% increase in

gross lift can be obtained for every five degrees increase in gas

temperature. ,

The "Macon" and "Akron" airships were constructed of 7075 ST

- aluminum alloy frame which is inferior to today's super alloys and

composites. New materials and redesign of the basic airship could

gain as much as 32% increase in useful lift for the same displacement.

Vast technological jumps have occurred in power plant designs

which feature low fuel consumption, minimum fire hazard and reliable

* operation. Either diesel or nuclear /electrical drive is available.

'Power is provided to the driving pr-opellers either by drive shafts and'

gears or directly by incapsulated electric motors.

Stresses induced in the frame can be detected with strain gauges

*. which, when coupled to a c6mputer, could direct the power plant to

U. .



change thrust and be vectored such that the resultant force would b b

arelieving load on the frame.

The future of airships is now! Using a fleet of sjx.. 10, 000, 000

cubic (foot displacement airships in sermi-precious cargo opceration

on 3, 500 mile (\TNew York to London) and 2, 500 mnile (San Francisco

to n1onolulu) flights, one* can comnpa re the anticipated cost of oicration

of ten cents per ton-mile against the same route serviced by the all

cargo configuration 747F1 at 29 cents per ton-mile.

it is the intent of this study to- renewý interest in the aerospace

community for the airship.
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SWhen,3nnennd flight is thi uubjoct, ono naturally thlkiq of thu

pioneer efforts at l(itty Hawk; this, hoNevoer, is, an overaight.

Manner lighter-than-air flight tachnology was in a maturing state

when h~eavier-than-Rir flight bogan. Airship history, both civil and

military, offers Insight intp lighter-than-air capabilitias and limitations.

The future of aiiships is in question. Now technology in matoriala

and nuclear propulsion make -airship travel both feasible and aconomti-

cally attractive. Maybe once again airships have come of age,

By presenting some of the options and possibilitios (some

admittedly extreme), it is hoped to stimulate renewed Interest on the

part of the aerospace communit,,, particularly the Navy, and in so

d..ing initiate the' first 'step toward a return of the airship.

*ABSTAINER ,

This study represents the views, conclusion and recommendations of the
author and does not necessarily reflect the -official opinion of the Defense
Systems Management School nor the, Department of Defense.
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IM m-oOw AQV~kryboCf.i't 010~ WV&ipht Y~rotuirp, with tha Mi'g

5~t~~Q #\ puti~'~ti~n't ( light 111ato by a ).it 1 i*i hips

Thia fatit wuui'ncpl1UlhPd by tho Mointpoltia) Brotihoarv 1in lraou.o

wo' laftJ'uctQo ?i 35Stoot piapor hafloon it a bruor f uku

buepoaiited baniwatl it. Almoi~t Iin imdiatly theraltor, 41 Parta phyalotfit

wtmtod Ch~rloa dsov1ito a sel1h balloon of 1.,400 culic foot cApaoit) n

* sent it aloft inhlated with hydropon Caik.' Not to be ouWana by thta'r

Q) .-omoan.tttor, tAhe Montglflr Blrothers suibsoquontly fashioneod a secand

balloon wvhoso baskot vcurriod a rooster, a duvU anid a shoap. The Wet

landing of tbuoa "paavengera'" mrka'kd the birth of tho Airship. Tho

following month, a young Franch adventurer naraid deacalor earned

the honor of being the first man to fly by ballooni'14 ovar Paris and

touching do\"* intact. Soon thtareaftort In 1785, Blanchard, a X'ranch-.

man. and Jeffries# An Arnwricun, nlow a balloon fromn the cliffs of

* Dover to Cablat in a thrce-hour journey. Although t~he attention of theý

* i~world was nowv focused on the phenomonoon of flight, signitiaant progress

was disappointingly slow during the next hundred years. F're'o balloon

flight is largely lintitad to vertical movement. with horizontal progress

TQ 1 OR
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\YOt)h atnhip (10volop o but 1110ir BUQ0011 wav tnimpodaI by 00W.1

of all 'Af~t pwer pliklit to 1110vo th balloo'n thrcibla~, or diroijtiiblu

I II

Not uptil Ohw diloovor, oft pati, Nuu" In P01111lylvana jl•. tho Lhi von~tion

vM WelO hlitortial Q}olmbktatlon oulllhio ti he 1990ll•oil did tho, lilltlu•r-thav%-K11

sthip gllot the huoot: it needed, E5voni beo.•ro this Ume'.o howllvoi' the

airship found #omu prailtiteal alplietion Al obsorvationl posts In Wlr.

(ar'. dulring the Amoi'ilan Civil War, and the first bombing r•id hi

1148tory Was Ouut• y o U means ofsan amwttood b401 on;t up by

Austria agai•nlt Venic in 1M849. ra',e ýallhaons wore further utliU~d

'.4 in thq Yr noo. pruxsstan wVar (181'0-1) to qv~*ouato personnel and I
carry mall during the salgo of Paris.

The firat airship powered by a gasoline engine w"s also the first

rigid lightor-than-air ship constructed; it was a 130, 000 cubic foot

aluminum. hulled craft buillt und tested in Germany in 1897 by David
I I

1 While discuasing the railitary use of free balloonst It is worth. .
while to note that the only successful bombing of the United Stitas
occurred in 1943-44, When the Jipanese ient lae-fillod balloons aloft
with incohdiftry bombs. These weapons a sended into the jet stream,
reiranalnig there with the aid of aneroid wafers which compeneated
for thermal offact, Dr ifting eoat'with the Jet stream to the U,. 5,, othe'
bombs were dropped after a preset interval. Eighteen of the Z, 000 sent
aloft actually starto•r fireo in the Pacific•Northwest but due to caroful
censors, hip of the viows media, no'news of theae successes -reached
Japan and, the pr'ogrim was €ocoiellods i

3
R 6

i

. . .I S

S . . •v , ,~ ll • ,! ,• ,l~llh I'% lt,,.i lllll t,-'O ,• t~ l!il ,•I •Al. L',,• '\. , )'t l~ l I-~ llI` S Sl, ,I,,• itl t

." , " " ' . " , • ' :i:- , .:...i•/ - t• _• • • - •-• " :. - 3•-•-•'. [' • , • •i•-• - .•. " ...•' ",.•.:" " .

__.-." . .'"": ''~Y' "" '''-''"*'••• v: "t-.. • "'- • _•' •".••. ,4, "

. ,'• ... " " . . •: . .' .. - ",- - ,'. " ' i:-4',•,,-I;ii "I, - ., *"-I, , - - " .-<.- • ' '-. 5•-i'• ' t -7.• ..W .. , .•; .-.t-. .



revot~jlitt4ofl Moo of aroot iiwpoI'twon to early airehij hiotory wa&

Count r, arOdiniti vo tati, tiroc (lorinAn Army &tt$vor whose

flirst rigidi mrtihip. tho L4 1, proved the prcticabhility oftho Zappolill

dautgn,' Other Gorainana woer of prominance if% the davelopment of

early noi .rigid airshipul MAjor August voatt lPu'OvAl constructod

appraiinlatoly twenty-eight pressAro ish for teCra ry

a~nd Grass atud losenbiich built five afrehips for the Oertyt'ia Navy

cirwx 1913.

T1 Britain's contribution to non-.aigid air ship histoxi was meager

*during the pro-war years, but following the outbreak of hostilities in

1914 England used a fl6ot of over 200 non-rigid ships for anti-submarine,

anti-trine and coastal patrol duties, rrancv, oft the other hand, utilized

non- rigid warehips prior to World War I for privatQ use and export. and

* ~continued airship production duriLng' the conflict; French Naval airships

executed over S. 000 snisqlonsagainst German forces. and non- rigid

ships were continued in use until 1937.

Italian airships were lirgely of the semi- r~igid type, -with the

best known boing tits N..type of.Goneral Uniberto Nobile. In Mo~y.

19267th "Norge" (.1flwover thoL Nor th Plean landed in Alaska.



Ithly's M•a'i'1) proaram uaaasid soon aftr,, in 1927. l•Itllain Airihip

a~ctivity Olid not Oovn 110111 ill varnolit w'ti 1 931# Nyhen 41 niblia fund

wt# stot up for cnatrrtion and the servicas of tho Italian, Nobillý,

were •oeuredo, It is balitved that Russia had as man an fiftoert non.

rigid and awdi.rlgid airahips in ol, ration at the end of World \War 11,

The history of Uglhter.than-alr craft in the United States began

in 1903 with Cuptain Thomao 5, Baldwin's "(alifornia Arrow", the
first practical airship in this country. The first government airahip

was i craft purchased from Baldwin by the Army in 1908. United

', States Naval 'arship activity bg4an kin,1915, but not until 1917 was

"serious attention devoted to the dovelopment, of non-rigid ships for

- antlsubriarine and coast patrol, During World War1., United States

Navy blimps ,•peratod from seven Atlantic coast air stations from

Mascachusetts to Florida. The United States Army also utilized

blimps in Europe during World War I, and continued with the develop-

"ment of non-rigid and semi- rigid airships until 1937, when it terminated

its program and turned over its non-rigid ships to the Navy.

During the period bet wen World Wars, United States airship

S, 7activity was limited amost exclsively to the'operation of commercial

S "and advertising blimps by the' Goodyear Companyi. constructor of nearly

every major United Statoo *alrshtp since 1911. In €tv• emhplOym~ent T

i /•through 1958, the C'oodyqat blimp fleet accrueid an entviable re~cord;

i ' , , ,• ,• ,, .: , T... , , , .... ' •.. ,. . . , T • . . . "
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these •irflpii• had earied over 443, 000 p=itmonglra on over 170, 000

' fl~hts withvI o • •mhilo paseoonjer Injury or fatality. A# the United
Q

Stoates vatorad,\orld Wor 11, the Navy tooh ovur thw doodyour float

for embut •orvica, and an incrounaed airship #trangti as uth~orized.'

C

, During tha conflict, the Navy oporatud nearly Z00 blimps for

anti. submiarine patrol und float escort; fifteen airship squadrons flow

Stotal of 5S, 900 flights for over 550, 000 hours, and escorted 89, 000
t%

ships without the loss of a single vessel to enemy action. Of these

blimps, 87% were in operational readiness at all times, thereby

establishing a record, availAbility for military airci•att not equaled

to date. '

The irst transoceanic flight in" a non-rigid airship was executed

by United States Navy blimps in 1944. When World War II ended,

United States Naval airship activity waned, only to be resumed upon

the outbreak of the Korean conflict in 1950 and again decreased. In

1957, a squadron of non-rigid airships became part of the United

SStates. early warning system at sea, and quickly demonstrated the all-

*weather -reliability, econosit~y and technic'al efficiencyr of airships for'

such use. The last of the United. States Navy blimp fbrce was retired

i in 1961 due to age and the Kennedy administration's disbelief in the

S=- "need for a World War ,I airship in view of our "1ne-w technology" land-

based radars.•2

7hlJ) 1961.
.'.. . . ,
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Tho hiatory of the rigid a.'shil . begins in Germany with Count

ZeppOlAn, who had li \ow competitors, Durino m'•ild Wur 11 ,hoGerins

Ma(ndcrdixed on tho Zupp(dl., lypo; eighty-©ight Zoppollnq wor'o,•ult '7,
dut'iig this period at a production rate of one every twi waoks. Those

rigid airships wore used by the Army and tho Navy for bombing raids

and Nlorth Sa pptrol. In an effort to increase military efficiency, the

Zeppelins underwent significant modifications during this period; by

1918 they had increased to 2,400,000 cubic feet in size, 80 miles per

Icour in speed, 50 tons (100,000 lbs. )in useful lift, and over 20,000

foot ceiling. .eppelin activity ceased ,ernporarily with the capitulation

"of Germany in 1918. The next Zeppelin built was the "Los Angeles,"

delivered to the United States in 1924. The "Graf Zeppelin, " completed

in 1929, saw nine continuous years of successful service. The next

in the Zeppelin series, the hydrogen-inflated "Hindenburg," was

destroyed by fire at Lakehurst, New Jersy, in 1937 with a loss of

thirty-six lives (the first recorded passenger fatalities of commercial

airship operation). Although it was originally believed that this disaster

was the result of static electricity:, -evidence now suggests that the fire

resulted from a bomb planted aboard the craft 1i an effort to dramatize

the German people's dissatisfaction with Hitler's pre-war gqvernment. 3

Set to detonate six hours after the ship's arrival, the bomb went off

3A. A. I-,oehling, "Who Destroyed te flindenburg?" Newsweek,SApril a962. Soc also Waugh, "The Uraorgottable Unforgott;n"Hindenburg.' National Review, 5 September 1970..1.F

* ' * . . . . i ' . : " '
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prior to the I' indanbweg's" dlocking d1uc to unforcosooabJei'delays fil~its

icbL'dul,', Tho "ilindanburUIw" sister shill, again narmed "Graf V.'ýppelin."

never saw coinitorcira1 or military uso due 'Z,; tho tons6 international

situa~ioa upon its comipletion in 1938; this craft was ddsigned for haliumn

iniiatiora, and the United Statos, alone possessing the'technology andI h::dwaro to produce this gas in the quantities required, refused to

government discontinued all lighter- than- air manufacture due to

iat'~rIel shortages, and the Zeppelin works were among the fOrst

targets bomb~d by thQ Allied Forces, *

~K OGreat Britain's early aftem~pts to develop rigid airships were not j
equal to' those of the Ze~pelin designers, and seve-ral airship catastrophes-

--ended the activity of rigid airships for militar~y use in 1921 and for

commercial application in 1931. France also. capitalized on German

rigid airship technology when three Zeppelins were turned over to

the F'rench as reparations in 1921; in 1923 one of these ships was lost

with its entire complement, thus ending rigid airship activity In France'

'-as well.

* * -This first rigid airi'ship buil~t in the Un~ited States was, the

"IShenandoah, 1 constructed iin 1919 and patterned after 'the German

Zeppelin design.. In -19Z4, America acquired the "Los Angeles" from

the Germ.an Zeppelin works. This dizigiblo was used for experimentation



FE-.

on flight and mooring probloms, ancil-dveloped a means for hooking

ar2- .eloasing airplar.-e 11i flight ( ." ;'otOR). Also in 1924, the

Goodyear Company acqu'red the patents anti processes of the Gernnan.

Zcpp?lin Cornpany and in 1928 began constructing two Fiiid airships

for'the Navy. The "Akron" was completed in 1931 and crashed two

sitrship, the "Macon,-" was launched In 1933 and was lost at sea

Th Ed of theAirship Era*

Thi leftthe Na-vy wvithout an oeainlrgdarhpadldt

Qan etnieinvestigation iuto the safety and practicability of rigid

airships. -Since these studies errdormed further construction. ofrid

dirigibles, funds were appropriated in 1938. H1owever, due to delays

Inselecting size and design, the money reverted to the treasury and

terigid airship was never revived (a lesson for the program manager).

_ I 4
4The "Macon" lost a vertical fin while participating in fleet

f WAneuvers with a IKnolyn and uncorrected weakness in an attaching
frame.The "Akron" s truc k the %wa te r dur Ing a sto rift o ver the
Atlaticdue to error in the interpretation of altimeter readings and

the extreme turbulence near the storm center. Both incidents
demonstrate poor tactical jurI~em~ent and human error rather than.
Inherent limiitations of the airship.

''K"
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on flight and mnooring problems, acl~dcveloped a means for hookinig

ar.2 .eleasing airplar.-' -*n flight (sc' -1-otos). Also in 1924, the

Goodyear Company acquired the patents and processes of the German.

Zepp9lin Company and. in 1928 began constructing two Ii~id airships

fori*the Navy. The "Akron" was completed in 1931 and cra~shed twvo

years later in a storm with the los-s of seventy-three. live s. Her

sister ship, the "Macon," was launched in 1933 a*nd was lost at sea

in 1935.4

The End of the Airship Era

This left the Na-vy without an ope'riational rigid air~ship and led to

airships. -Since these stde noudfrhrconstruction. of rigid

-dirigibles, funds were appropriated in 1938. *However, due to delays

in selecting size and dsgtemnyreverted to the treasury and

the rigid airship was never revived (a lesson for the program manager).

* The "Macon" lost- a vertical fin while par'ticipating in fleet
maneuvers with a Knwn and uncorrected weakness in aii attaching
frame. The "Akron" struck the 'water during a storili over the
Atlantic due to error in the interpr~etation of altimeter readings and
the extreme turbulence near the storm center. Both incidents
demonstrate poor tactical judge~ment and human error rather than

inherent limitations of the airship.

.0.ý
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CH~APTER II

What's Now in Desi gn?

What's new,. in the design and constructio ofarhips? Alm-ost

anything would be ncwl No innovative design work has b~een accomplished

-subsequent to 1937. Significant advances have been. made in heavier.;

than- air airframe structural design, metallurgy, aerodynamics and

prpusion systems. The Ford tri-motor is to the SST what the "Graf

Zeppelin" would be to the dirigibles which could be constr-qcted with

today's ofewhchofooow,.

summary of lighter- than- air aircraft is included here. Attention and

study have been directed principally to the rigid airship because of the

size and operational limits of the non- rigid and semni-rigid dirigibles.

Lighte r- than- air aircraft may be divided into four types: non-rigid,

semni-rigid, rigid, and metal-.clad. The class ,of non-rigid airships, '4.

in addition to the balloon, includes the .so-called. Il~lrnp" used by the

Navy so effectively in World War IL. It is comprised of a gas-.tight

fabric envelope of streamline shape with control car and power units

5McGuire, "Airship Study a$. Booster Carriers," Missiles
and Rtockcets, March, 1963.
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supported below and the control surfaces aft. The shape of the

enveiope is maintained by pressure. With bynwleilic fabrics, .ach

aircraft. have a probable maximum practicable usable peed of about

.i,00 miles per hour and size of about 1, 500, 000 cubic Loot disphacenznt. ,

Semi-rigid airships are simil'ar to the non-rigid.type described

above except that a structural keel member is added to aid'in dis-

"tributing shear and bonding loads along the envelope.

Heretofore, all airships in excess of 1, 250, 000 cubic foot

displacement have been of.the rigid type, which were originated by

the Zeppelin organization and fuxther" developed by the Goodyear

Company. It incorporates a rigid framework fabric-covered and
containing a number of gas cells free to change volume with pressure

"changes. Control car, passenger and cargo accommodations, power

plants, and control surfaces are attached to the rigid framework.

The metal-clad airship is both a pressure airship and a rigid

airship. The streamline envelope comprises an extremely thin gas-

tight aluminum alloy skin, supported by light frames. As in the non-

rigid, internal pressure is required to maintain the form at high

speed. Cars, power plant and control surfaces are attached in a

f manner similar to the non-rigid. Aside ftom an unsuccessful attempt

in Europe in 1897, only one metal-clad airship has been built, an

eminently successful design of 200, 000 cubic foot displacement which

was capiable of 175 knots cruise. speed (German ZMC-Z, 1927).

.+ • ++•÷°~~~~~~~~~~. . +.+.:.+.:•i.. :............... ..... ' . ...... ... +. . . • _ ~I. ... • . .• ,,•:"+ •+
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Thi s study is based throughout on the use of heliuni'as the ilfrýing

gas. Hydrogen weighs only half as nmuch as helium and therefore pro-

vides approxim;,tcely j10% gr, ater gross lift and as much as 40%6 grcater

pay loUa, but it is extremely imflammxble(contrastcd with the inert

nature of helium). Safety considerations bar hydrogen from considera-

tion in any future airship program..,

* IAll lighter- tlin- air aircraft are displacement vehicles deriving

their lift from their buoyancy. Hence, the weight of the airship and

its contents, including the lifting gas itself, must be approximately

* . .equal to the we~ight of the air displacqd'by it. For example, in a

(9 hypothetical 10, 000, 000 cubic foot di splacement dirigible, the weight

of the.alr displaced at sea level wouldI be about 765,000 pounds, and

the weight of the helium used to displace the air about 111, 400 pounds.

*The difference of about 653,600 pounds is then aval.able for structure,

power plants, equipment, and useful loa4, including the fuel, In actual.

practice, gas impurities and under-inflation to prevent loss of helium 4

ini case of temperature or altitude increase ~wuld reduce that 1to about

-600,O000pounds.

The above figures are base4l on sea level standard air conditions.

At 5#,000 feet altitude, air is 'approximrately 86% of its s'ea level density$

While at 10, 000 fact the den'sity drops further to 74%. The displacomo nt

m C3and load-carrying capacity of our diiil steeoereduced by

- . - ~12 :*
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107, 000 pounds at 5, 0'00 foot and about 200, 000 pounds at10, 000 feet.

It ." obvioui; +',on that, in conti.tst to long-range transport airv1 ---.

trends, the dirigible is most efficient at low .".Aitudes. Certain pro-

cedures may be used to vary and inprove the buoyancý telationships.

t Ground equipmnent or favorable climatic conditions may permit heating

the gas just prior to take-off, resulting in an increase in effective lift

by 10% per 5° F. temperature increment of the lifting gas over the

outside air (up to the point of full inflation of the ship).

Generally, small airships are operated with the weight exceeding

the buoyancy. A blimp, for example, ."an take off "heavy" with a

very short ground run. In this case, the envelope of the airship acts

as an airfoil, and despite its inferior shape for the purpose, the size

--of the envelope causes it to affect a large mass of air so that the

additional weight is sustained at a low forward speed. This practice

is generally limited t smaller, non-rigid airships due to the difficulty

of maneuvering larger craft close to the ground. Once a'oft and under-

way, an airship can readily support a substantial overload by means

• '*of 4ynamic lift.

The term "piessure height" is used in airship terminology to

designate the altitude at which the gas cell or coils are completely

, filled. Normally, the airship it not completely filled with gas prior

t.00
"N,
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to talw-.off, An tho NMtI) rlti u , (lie rodtiction in barometric II mwo

pernmits the holiurm to aflmind until, iut a cortain (tituda, 10UA% Clio.

plc nt flight athgo likdi ri ult i l

*gas. 13&low this altitude ilia vArying donaity of thia alir1 ballmoed by

the varying volume of tho gas celia 'and tlia buoyancy ramain'a conatant,

assuming, of course, that the toinpariatura avid pressure 6f thia air

and gas. remain equal to each other.

Materials

T1he "Macon" and the "Akron" utilitied 7075 ST aluminum alloy

(76, 000 /in iWtimato tenaite and 65, 00,94/inZ yield, comprosvion) In
S #

tl~eir girder design. For reasoris of inferior strength to wvoight ratio

at a given corrosion level, this material is n'o'longer widely used In

airframe design. Today's super-alloys oftitanium, beryllium, n

even more sophisticated composite materials of berylliumn/carbon

epoxies and Boron/alumninum, wvould significantly impact the usable

6
load factor of existing frame designs and permit sweeping design

improve~ments. If, for example,, the "Macon" or "Akron" had been

made of Boron/aluminum composite, a ý21 increase in usable load

could have been realized with no increase im gross weight.

* 6 Boron/aluminum, composites are 50% 'lighter than 7075 ST in
uni-axial loading and 2376 lighter in multi-axial loading at the same

'2 0 .strength level. (Matorials info courtesy Materials Division.
*Naval Air Systems Command)
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A h~rgo .aroult of taba'te isi uriodI Iif P. irtalabiTh 'Xa~ tftid

Oravelop or 1am' o ingnt ij @t~allt diriai'I. to ua tingau-pl OW'Alo ý1Jh

Welt.~, wvhan dop..o, yoltpho about aim §UflQOU par vqua a yftiA And t# aa

a coottlQIQ&at at drcip atAW)out s ~ 005,B usling u~Isthin itl~ric~in

techvwlagy andi the palyoaoia aynthetics or polyrnori'aod ploaties

(as 81, 0 14oprone) and coat~ing thern With teflon, one could Achieve a

* ~lighter, niora durable envelope, Biy conservAtive aestiatoo, this

toohmiquo wouild roesult in a' material with three tlmee& tho life spun

(aibout six yearsa) at two-thirdis the waight with a 15% reduqtIon In the

coofficiont of drags

F'OWor Pliknts

r'or the axisting design of dirigible the most important require-

'rnontfoa' the power plant art low fuel connumptIon at cruiving power,

uainlinuin fire hasards and reliability. Ut the spocifiri fuel consuniption

cani be reduced trom . 40f/hp/hr to .35 by an increase of 05 0/hp in

the engine weight, it will pay for itself in ton hours of flight. Thus,

the diesel engine, despite Its additional weight per horsepowor, permits

*ubptanial incrase in payloud. In * modern design., theutmt

in fuel consumption, the nuclear reactor# could be used to optimally

meset all three requiremente. .

The reactor would be a small uIndurtrial type, or a uni~t much like

the one currently used to poer tho nuclear submarine fleet, This

I.is

7-1" 7 Im"ý 1t
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~ Ue~r"typo maing eariiodi~ uritaiii 40~)bCAU40 of its hich

yiolt1-to- taa ritia. 0nea - tuand. six hund red. uhxty -Wefilo hIIO'uY

(ifbtiu 3, 680 pomukd) of U4)f wo5%uld &Iva tho' cyatom an atidui'anca of

danoo and would thndeliverth uilelofptcinwthos

thickness thitu lead, Such shielding~ would protect, the crowv to &,'level

of five RAoentgen EquWIvalnt Man (RUC1d4j, a degree of eaqiosure provenl

Q iota for ain infinite peried. The hoat-produc'Ing process in the reactor

(3rigure 3) would be ducted away from the core by acirculating liquid

scdiuiiý ý;r. tub,; sdv') Lu a heat exchanger wIth water an the fin side.

The soditam cycle will reduce the operating prissure to about 200 p. a. L

within the core while maintaining 1. 0000 'r. temnperature there and

reducing the thickness (wveight) of the pressura vessel. The water system

Is the actual working fluid and is super~heated in the heat exchanger and

ia sAlawad to expand through either or bath of the primary turbines,

V-3 poueL eaatgm/iyuigIAcnminaina
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REAC TO'• l INOMATION

" SODIUM( LOOP -
I I

1000o ,. ; 200 p. i. 1;1 usa sodium to minimize
siam/weight of r'eactor pressure vessel.

REACTOR-

Fission type; fuel-enriched urahium-235 (U-235)
t 

t @ I

SHIIELDING -

''I Mxpended uranium- 238 (U-238) - denser than
readl shielding providis pFotection to a &amuma
level of 5 REM (Roentgen Equivalent Man),
L . ., safe for indefinite exposure..

WEIGHT -

,Reactor, turbines- gene•rators, shielding,
.enviro'nmental control system, motors and
propellers, governorss wid pylon ad.

.. * Qo n t r o l s : 1 8 0 , 0 0 0 p o u n d S . . . . '

r INAL DRIVE - -, I.

171

4.

'IdI

S.. .~ ~ ~ ~ . . . . ...• l c r c ' .. . .... " , . ..S• 
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SIIN RECO

Enrche U- 235
Asun IZ ~rlf-yl eurmn

Gnivhen U-235 poie eaatprga e a

Power requirement for "super airship" (to be Aefined later):

20, 000 HP driie.; 10,0.0 1-I P reserve power

(1.att 7)(.27 O)=3 8xiwtsrqie

(3000 HP.(62. 24 x1 watts

-(I x 10W/D/G) (3. 8 x 10 )38 gram~s/day

.(38 grams/day) (365) (12) 166, 500 grams

107 cntmiatiu aco ý ive 1 65.XhOGRAMS

Cos of fubl $3, 00,000or$2, 750, 000 pat year

rigpre 2
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each driving a 15, 000 kilowatt gene~rator,- this would provide electrical

power for remote direct electrical. drive of 16he airship and all other

-power requirements. The water sy'stem neced not be shielded and,

unlike the equivalent system in a ground nuclear poweij plant, the

"'waste head" (i. e. , the heat from the condenser) would be vented into

'the airship'by forced convection to heat the helium for imiproved lift

.and enviroinmental control of living/working quarters.

Remote Drives4 1in thea classical airship, general practice has been to mount

jthe engines in,nacelles outside the hull ,ptnd to drive the propellers

directly through reduction gearinig. In the "Akron" and "Macon", the

- engines were mounted within the hull and drove the propellers by

* means of extension shafts and bevel gear sets. This arrangement

reduced drag, increased the accessibility of the engines for adjustment

and repair In flight, and facilitated incorporation of a swivel mounting

for the propellers which, combined with reversible engines, permitted

Sthe thrust to be directo'd up or down as well as fore and aft. In a new

*design (the super airship, for example), one would use a variable

.cambrelvariably ducted propeller to give optim~al power at all flight

~.speeds from each of the eight reversible electric motors. Each

twenty-foot diameter propeller wdkdd be connected dirw,;tly to a

shrouded 3, 000 horsepower nmotorA giving a minismum. of resistance to

N*44 ~



'POWE&RREQUIRXED FOR SUPER AIRSHI1P *.. .>. -.

(cruise of 175 KIAS at sea level)
rj,~ 4C

REYT40LDS NUMBER

*Rn (10, 776) (1560) (185) (1)

.. Rn =31 x lO 8

COEF FICIENT OF DRAG

C ~ 0030 (1-iorner)
I)

4 STAGNATION LOADING

a=: Q 295 (185) 2 116 /A 2

FRONTAL AREA

S r ?r 1= r(185)2 107,O000Ft2

DRAG

D (116) (107,000) (.0030)

~~ ~D 17 3,000of dt~ag -. , .

7s' 00 1, 1* 99 as oa

19 980 2.50Ip/roo

Mr.-



flow and, with no drive shafts or gear boxes, the lighteL t possible

reliability (see. Figaues 4, 5 and 6). Each of the pr.p.3ler mnouns

can pivot 900 either side of forward (i. e., full up or f~ll down), and

... by using reverse thrust/differential thrust a maximum of flexibility

.-and maneuverability is afforded the-operator. Engine pylons are

retractable into the hull to make them accessible for -maintenance

.en route to overcome an inherent weakness in airships. Strain gauges

3 atkey.stress points in the frame can relate information to a computer

that will, in turn, swivel one or more of the engines or adjust power'

Sor prop pitch to provide a rellev.Ing fesult load for the frame.

This function is dependent on proper feedback loops and independently

gimballed and controllable propellers, and l-imited by the need to follow

a desired tract or heading, or hold' a desired altitude or speed. This

system will provide relief from the nemesis of earlier dirigibles, i.e.
> I

4.wind shear or gust loads.

S... .. '::Gr:ound- -Handling

. .. The, question of ground crows is one with so many variables that

no estimates can be madb as to minimum requirements. German

ground crews often numbered in the hundreds when all hands at the

Zeppelin works turned out to help land and greet a returning ship.
ft .?

I •United States Navy mechanical methods of mast mooring required loas

".- than a hundred. men, with .bout 2% .,of t'hose being mechanical equipment

handlors! !tap pears that Modon technical development with increasod
-. -:,:- -*' •: -•' ' : . . '-.. ' .*. . : . ..._ . , - .* ' '.- .. - ' . .. *. ", ' 4"o
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mechanization could reduce to betwedn twenty-five and forty men,

tle ground crew requircment for nrooring or urnmooring an Air,§hip

from a mast. TV,. rcquiremcnt for large ground crews is mainly

caused by hangar operations where the airship must be warped into

the dock in a manner somewhat similar to docking a large steamship.

Mechanization in this operation also could reduce the historical

manpower requirement..

-The technology for a two-man ground crew presently exists by

• virtuce of a technique called "bear trapping, "a method used by heli-

copters landing on a pitching ship, .whreby a cable is lowered from

Q or pulled to the airship and is then winched in by single or multiple

cables; single or multiple winches.

S-. In the old airships, purification of helium was periodically

%equired because air seeped through the gas cell fabric and eventually

filled a certain volume which otherwise would contain helium. A

helium purification plant was therefore required at a hangar overhaul

base, and portable plants were needed at all terminals.

. A new design would take advantage of the modern coated or

Srubberized polyester. to produce a light, non-porous, no-leak gas

bag which when punctured-could lnorporate the feature of being self-

sealing. As an added protection, a holiwn generator could be carried

on board.

., . J., : o.'



POW317I REQUIRE'MENT FOR SUPER AIRSFI-LT
'(cruise of 175 ]•IAS at 10, 000 ft.)

rk.REYNOJ..DS NUMBER

Rn (10, 776)' (1) (r) (~L--

1'Rn (10, 776) (1560) (185) (.781)

[Note.- Based on total length but due to aft
* section tape-r best estinA~te would be.(. 75)

(total length)]

An 24 x 10~
Note: Aerodynamic info and

calculations' courtesy
COEFFICIENT OF' DRAG Airframe Division,

Naval Air Systems
CD 0025 (Horner) Command Headquarters

STAGNATION LOADING ....

Q:.2~2(185) z 86-.1 /A2
295

FRONTAL AREA .. *

So. ra (185)~ x 107000F

* . DRAG

D (86. 1) (107, O000ý 9.025) 23, 000 of drag
.111) Wlrgure.4 ;..
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Econornics .

No de~finite answer can be given to the query - Is the. airship

economically feasible for commercial operations? Note>)perience

exists from, which costs can be derived. The lighter-than-air craft

is 'uited primarily for long-distance operations in excess, of 2, 500

miles. Its operation is limited by practical considerations to relatively

low altitudes; hence, its routes should be selected with due consideration

to topographical conditions. This factor, together with its very long

range, makes it particularly suited to over-water operations. Because

of its very large payload, the airship cin operate econoi~nlcally only

%vhen'there is a relatively large market for service. Because of its

relatively low cruising speed, the airship is handicapped to a greater

extent than the high-speed airplane if if encounters continuous head-

winds of 30 miles per hour or more. On the other hand, because of

Sits extremely long range, the airship appears able to operate with

regularity,* navigating around storms and selecting its routes to take

advantage of favorable wind conditions. Inasmuch as most parts of

thet airship are accessible for service in flight, and the engines are

operated at moderate power, all of the engines need not be operated

continuously. 8

n her first voyage to South America, three of the four motors

of the Hindenburg were out at the same time, yet the ship maintained
its coarse, effected repairs and completed its trip.

N . •



CHAPTER~I Ill

The Future Is Ne•W ..

In their operations the "Graf Zeppelin" and the "'Hindenburg"

had no airpiane competition over th~eir routes..In the' fu~ture, no air-

ship oper-ation will presumably serve a route alone; all will be operating

between points served by scheduled airlines. The longer the over-the-

sea routes the greater the advantages of the airship as compared to

'the longer time required by the steamship and the higher costs of the

airplane. In the age of the SST (their's, not our's) the premium of

passenger transportation is speed, thereby eliminating the dirigible0I
-from competition for the passenger-mile. However, cargo of all

types, especially semi-precious cargo, could be economically carried

"in bulk. According to estimates submitted by the Goodyear Aircraft

Corporation for a hypothetical operation of an existing technology

six-dirigible fleet, each of 10, 000, 000 cubic foot size, it would be

possible . operate each ship for an average of 48 weeks each year,

using the remaining four weeks for 6verhaul. For cargo operation,

Goodyear estimated (using 1937 designs) that e4ch ship would make an

.. ' average of 90 round trips per year on a 2, S00-nmile route, and 48

round trips per year on a 3, 00.rilo rouite Xtis' further astirnatod
that as an exclusively cargo operation, approximately 180,000 pounds

27.j...... j* - . . . . ..



of' paiyloadi iju o carraiOn put, trip. On it yoi~rly basiti thili wo~dd

reoult in61, 290, 000 tow'nwiUe pai- yeAr, at A~ cost of toni oants pow

P ~ton-mile, 9at a~ raot of, 6. 17?0 ton-m'iloo pur hiour, Thisl it improtiviv

N'4101 compnpard to r, 747 F (01l cargo) capablo of cryva10tn i

acost of Z9. 5 Conts a tonl-11ile, tilt a'rylngo 43000 tw- ias par

hour. At twvo1vo flight hours/day, this woiilel provide a 188, 000. 000

I - ton-maile per year load par airplane, or 1, 128. 000, 000 toii-milaa /year

for a fleet of six. This represents an increase of 84% over the 1937'

desigdairsliip. Bly the same technique, it can be showni that you would

expect only a 97% thcreaso in ton-nai~o/year over a float of now tach.

cm ~nology airships. Total t~rans~portationi costs reflect a drarmatic

difference; for the airship, $6, 129, 000. and fo r the 747# $33, 600. 000

i in total shipping costs.

9Normalized to 1969 dollars.'

I0bid.

Inview of the absence of any conurnercial. airship experience,
estimates of current cost are difficuilt to arrive at or evaluate. The
lack of such experience leavos little basis for either questioning or
endorsin~g those estimates,

CA
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t Tit#i conqui~re to $1vti, million par' e'py for a 747,

W.illited OM Ytile hw~h of ~ ti:iai il td;;olal 11i'"O::

watto totisido&' )m atbin~illd to thfollowving conceptual appli-

'cationi. Sufficient Inforation do*s not %nurrontly Waist to be moro

spoottic in somo arch@ said (I%* resolution of details of design~ and

tactic; of application are left. to future enginoers as a challenge.

Hewing shown thle bconomiv foatibility at using 10, 000, 000 cubic

rN -toot airsh~ips (about 160 foot in diamoter and 600 toot long) and given

wa uable hold of 400, 000 cubic toot, what is likely to IA shipped by

"selow air"? Any somi-procious cargo would land itsolf to this applies.

tion. Cars, for example, could be doliverud direct to inland cities

from t)ho overseas unanutacturei' with only two handling interval* rather

than the current four or at.%-. By eliminating, the additional handling,

the consumer price can be decreased, and the marketability of special

* brder items would incroo~se as a w"sult of the more rapid delivery rate

of airships (four to'six thitoe that of surface ships). Mail, including

parcel post, to another cargo'that w~uld ýo ,easily carried'continentk to,

jNia ot Wa'om twoory, to ratio, to 4pgit, to ship, to docok, to rail,
COto truack. to dealer$

__ w~qmiAil.



tPontillonts ally to ciy V01110 Norted lit trnalt and lcw tip widt

iOu1Ayivod WithoI utI Mopping11iY U110 of drop linos. Winchatlh a'nd Qul~tAill.

Auto train, a recent uand Yory *veoxAod'~ c~parlrntpnt in lux~ury

-rail ta" ilnfludea a# part of the ticket price acommodation

frthe family car toprovide mobility ltthe desatination pointl in this

fulkaor n% can tour' is-much as desired without tho, inordinate cost of

car reoita or the trou'ible of drivling to distant locations, Is By applying

airship techinology. aon could enhanco the* auto train concoapt by udding

transocoanic capability and iAt lost Ni~ce the speed.

With the large lifting source and storsagocavlty, and an almost

infinite loiter time aloft, the-kirship would lend itself to a variety of

hewe tafoare Iimpossaible material handling/ transportation techniquesa.

E~quippedI with existing strip mining slurry and pumping equipment, a

dirigible could loiter or orbit in the vicinity of a mine or well, load

largo quantities of orej coal or petroleum (from Alaska for example)

for direct delivery to the smelting or r~kitning plant, even doing some

* proparatory pr~oess Ing eb route (toking .dvantoge of the reducing -

teraperature /pressure as it climbs to altitude). In similar flkshion.

13I Two weeks after introducing the service, the comptay was
-' booked ftll ior three months*

*30
MR 4 Sj.
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lagingra opariationa in harotolore i p~notr'ikbla woodland (a. g. ,in

4 ~Stbrio' or 41askn) would be possible, owing to t~w cave of transporting

ii-on and) nmperI~)s Into and out of the area by airship. jAgain$ initial

t ~proco~uing of t~he logs4 con bo accomrpliushed on site, and priQr to

daojri~rnj the nroa the airship could seed and fertilize the~cloarod land

fo n yetu anrothertrnsor application, the movement of' a completely

&&somblI)od Saturn V rocket (scale size shown In Figure 7 for comparison

to a "super alrship")could save NASA the expense of tho final assembly

building and the platfofm tractor used to transport the aiso'rnbled rocket

U to the launch gantry. Yet another example of the airship's ability to

transport la`rge cargo intact ts thac D5- 10 aircr aft. Currently, the

*Ings and tail are made in St. Louis and the fuselage and final assembly

'in Long Beach, This division of work, although seemingly illogical,

actually serves &,very useful purpose, i. le., efficient utilization of

existing tools and technical person nel. This system requires transpor-

tation of large airframae sections, now shipped singly by rail; they

could be ihippod more safely and quickly ini quantity by airship..

r orost fires consume an avirage of 100 acres of woodland eve'ry
fifteen m~inutes in the United States. Airships could quickly deliver

large qiuantitiesa of dry thernical or water to the area of the fire. If a *
(7largoe ~nough supply of wvittei was loc ally 'aible, the airship could
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orbit the area of the fire and continuously pump water through a

.sprinkler system fixed to the frame by tapping the nearby water bourc1 ..

1n.addition, the'Agriculture Department could pr vide a much-

iieeded service by developing crop-dusting airships which, in a single

day, could eliminate every boll wca~ril in Mississippi, or spray Florida

The housing industry could further benefit from airships with

on-sitq delivery of factory- preas sernbled houses.

. Every new transportation system comes under the scrutinous eye

(and maybe ear) of thd ecology cuilt. 'The airship would fare wvell. As

Q) * .- ex-Plained earlier, the nuclear power plant doesn't produce pollutants,

and even the excess or waste heat from the condenser is used to aid

lift. The noise level, internal near' noise and far field noise, would

not exceed 81 PNdb,. about the noise level In a modern office.

Current Military Appl2ications

The super'airship (100, 000, 000 cubic foot displacement with

could be a panacea for thes military, airlift caznuiaand, Whose most recent

* effort in the field of largo cargo transport, the CS-A. has gone awry.

F.With the low direct operating cost, usable )life. flexibility and large

cargo-carrying capability. the airship would bay all the. cargoitransport .

C)capabilities described. in the comamorclial sectiont and the proven opera.

r ni

p *

'SO ....... .. .. .. NO TEP -1 < '4



ID

tional readiness vital to national security. F or example, an entire'

Army regitnent, complete with supýiL could be transported f.-om

-WiFort Knox,. Kentuckyi to London, Engl.and, in 21. 5 hours (once loaded).

Potential Comb~atant

/Almost every United States missile site and airfield is knowvn and

t . targeted. To ease this tactically clumsy -situation, hardened niis silo

sites (a very expensive operation) were devised to withstand direct

*attack, and aircraft carriers'and Polaris submarines were introduced

to diversify assets and provide flexibility and mobility for a retaliatory

*strike capability. While these weapoins systems are currently feasible,

inceasng omlexty f esin a.d nfatig cstuse up too much

of ui sses, Inthi ae o tat~al~uclarweapons, half or more

of the carrier fleet may not survive the first jstrike (my own opinion).

* The vulnerability of the carrier was dramatized recently (1971) when

a CVA was rendered inoperative for 18 invnths following the aq4efientai

* launch of an unarmed five.,inch rocket into aircraft parked on the flight

deck. 'The P~olaris subs, rielying on the concealment of the oceav's

depth#, ire also becoming increasingly vuliorable with advances in

.anti-submarine warfare. Asai~tsl or rather the lack fassets, will

Our newest aircraft carrier .(OVA),. the Nonito. is presontly
at a cost of $1 blliUon a"nd U" 'sia, grwing.
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determine the victor of an armed conflict. The power that depletes

its ;issets first is doomed to defeat. Therefore an inexpensive,,

effective, flexible and expendable weapons system is needed. 'Tho
11su er. irshp" ould meetthes re uire ents(se F e'7 for

artit'srepresentation and Figure 8 for comparative da~fa).

Al aircraft- are susceptible to attack; the airship, even with

selfseaingbags, would be vulnerable to cruise missiles with larger

FuelAir xplosive (FAE) warhead. For this reason, a target as large

andreitivlyslow as an airship must be escorted or armod. An

arme "suerairship" could truly !tchleve the status of the mythological

Hyda. iththeaddition of an epoxy-coated. Neoprene envelope and

selfseainghelium gas bags to the super alloy frame; and atomic

power plant, an inflight tour to exceed six years could be achieved.

This term 'inflight would lend uncertainty as to exact location and

eliminate long overhaul periods. With the relatively low construction

costs, one creates a no rewvork aircraft, I e.. after the six -year

service tour, the "reusable" items are scrapped/sold4 and the bulk of

the airframe is melted down or destroyed.

5A elfseaingbagis onstructed by laminating a layer of

polyurethane into tho bag wall and pery nesting the deflating big with. a
flixer so as to "swell" the hole shii (this same concept used in sel.1i
sealing fuel- Cells)*
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All resupply wou.ld be by Blimp Onboard Delivery (tOD) techniques

simnilar to presai, C., r*er C'iboard Delivery (COD) tcchnold~og'?'fI*i`v~

once underway.Eall personnel and supplies are fiown to a.nd from. the %:ýI
opertioall- rady irsip.Thi tecniqe wuldpo~r'ndt fullest use

of the 1%6 increase in usable lift created by the dynamic lift of the

airship in flight (an increase of 539, 000 pounds An this case).

With the 175-knot -cruise from sea level to 10, 000 feet, the airship

has aii area of uncertainty of 120O, 000 square miles (at a given altitude)

per hour. F or purposes of visual acquisition (identification would be-

no robem)and obser'vation, if the tra'cking aircraft loses sight of the

C)airship for six minutes, the search area for reacquisition will be

12, 000 square miles. Visual acuity limits sighting of even so large

an object to 26 miles in clear day conditions with black/white contrasts,

and 97 miles fr9m the side or top. 16 Satellite visual -observation plat-

forms are limited by cloud cover, and infrared (near field) could not

discern the airship from storm clouds.

Isvigation. could be principally by stellar sighting coupled to

5.Lor~an and )%i 14a wL~ ni availa1e with. continuous Dopler update to arn

inertial navigation pl-tform. Location could be so determined to withial

f I 16
Sea-rch uncertainty courtesy Of the Naval Air Test Center, 1

Patuxenkt Riveri Maryland.
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"120 feet of a datum and speed could be.accurately determined to within'

0. 5'knots. This accuracy is essential for updating the weapons contrcl

computer and for rendezvous with iircraft. The airship, though

equipped with multi-band radar, will operate passiveli, forcing the

f searcher to be an active pulse generator to detect the position of the

ship. The airship could serve as a mobiie platform on which a variety

of offensive weapons could be "hidden," much like the Polaris submarine.

Each airship could be equipped with four rotating cylinders, each of.

which.could carry 16 Poseidon (MIRV, nuclear warhead) missiles to be

ejected from the airship; they would igpite after a .safe distance of

free fall (stabilized by frangible fins), pitch lip and go ballistic to

target. By using two' cylinders linked together, the airship could carry

. 16 Minutemen III missiles to be launched in the same manner.

To adequately evaluate the defense needs of the airship, a threat

"must be clearly defined. No threat would be posed by 20mm or 30mm

gun fire, as the helium bags are self-sealing and the source would be

in range of the same or larger guns on the airship. The thicat of

I T aircraft would be covered by the fighter' squadrons stationed aboard

the airship. The fighters would be complemented by one squadron of

early warning aircraft to fly perimeter patrol and one squadron of

,.*-i attack aircraft to neutralize ground sights. Operations could be carried

I. "on from a flight deck built atop the airsbip. Arrestment of the aircraft

t' *.jk ...- " •-- ..



'would bec by cablea and suspended weights, and launch by taxiing the

aircraft tc# the fron~t z myp a'nd r-olling off. Approatches could be

controlled by laser designation systiems with autoratiq hlnding by a

gimnballed laser seeker traclking, a narrow beam sourc4 -in the flIght

ek.Rendezvous with the airship after a mission could bi achieved

by prearranging rendezvous locations and alternates;. thig eliminates

*the need for active transmission by the airship and could be progran-med

into an ieria platform/ computer in*:heaircraft with stellar backup.

ouch as the Phoenix Missile. For surface sites an optically guided

we3o such as the Condor or cru~ise .missile could be used, and for

subsurface, L. e. , submarines, the airship could carry Subroc.

The only potentially significant threat to the super airship would

be from a cruise- type mis sile launched frc.~n beyond the horizon and

skimming the surface until nearly under the airship, then popping up - -

giving minimal time for detoction and destruction prior to impact.

Some protection could be accomxplishod by M-61I type Vulcan cannons4

of1 Z0mm of firing rates of 6.,000 roundi/minute, with each round radar
aorrected to the closing target (Vulcan Fralanx). With multiplo guns,

&."shower of lead" might destroy tho oncoming missile.
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CONCLUSIONS

Manned flight has progressed considerably sinceitlie Montgolfier

.j Bothrs.In hisage of reducing abundance, an efficient and

reasonably Lasit means of most traiisportation. is desparately needed.

The airship could fulfill this need. Today's technol'ogy of materials

*and nuclear propulsioni make airship travel both feasible and economi-

cally attr active. It is hoped that the potentials of the airship will

soon be exploited. Further, it is the desire of the author to be a

participant in the return of the -airdip To that end, this stud, is

* Cu dedicated.
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ANNOTATED I3IBIAOURAPIlY

1.Specia~l Committee Report on Airships, Nationalikir and
Space M\useum, Washington, D. C.

Report No. I -' A general review of conditions
4 affecting airship design and construction with

recommandat-ions as to ftiture policy.

Report No. 2 - A reviewv and analysis' of airship
design and construction.

* 2. National Academny of Science Report on the Loss of the
Macon, Stanford Press.

Technical aspects of the loss of the Macon.

4;



V~ .

I 1TUUY T1 ILE: ALPli1i1N VI) L1Fr.l4I',K-TIIAiN -Alit 'l'AA~lW61 VAI'Vl0N

1"FOR MILITARY AND CMVILIAN APPIACWATION

STUDY, PO3LM/QtJUISTli'O An ondeavor to tind ali~t erito conoidual and,

ecological ncceptmblo moans of tranvportation of akir erlaw ior civiaiAm

and military applicutions.

"STUDY REPORT ABSTRACT:

The United States aerospace community has entered atwora charactarlaod by
declining activity, due largely to the increasing complexitt and cost of

aerospace systoms. Industry and Government are engaged in a search tor,

air vehicles that wiUl carry increasingly largr payloads at reduced cost

and levels of pollution, and that will not require vast axpanses of ýand

from which to operate.

To this end, the dirigible (rigid airship), a versatile and ecologically

"clean" transportation system which offers exceptional payload capability.

endurance, range and flight stability may be given renewed consideration,
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